OPTICALLY OPTIMIZED PERMANENTLY BISTABLE 
TWISTED NEMATIC LIQUID CRYSTA L DISPLAYS 

FIELD OF THE INVENTION 
5 The present invention relates to the design of a permanently bistable twisted 

nematic liquid crystal display, and in particular to such a display has two stable 
twist states with no applied voltage. The display can be switched between these two 
stable states by the application of special voltage pulses. Due to this bistability, no 
power is needed to maintain the display, once it is formed. 

10 

BACKGROUND OF THE INVENTION 
There are many types of bistable liquid crystal displays (LCD). Among 
them, the bistable twisted nematic (BTN) LCD has one of the best optical p r op erties 
with good contrast and brightness. This display relies on adjusting judiciously the 
15 cell thickness to liquid crystal pitch (d/p) ratio to produce the metastable twist 
states. 

Bistable twitted nematic* (3TN) liquid crystal displays (LCD) have been 
around since the early discovery by Berreman et al (D. W. Berreman and W.R. 
Heffher, AppL Phys. Lett37, 109 (1980)). In the early prior art, the bistable twist 
20 states are 0 and 360° twist respectively. Recently, Kwok et al (full reference) 
extended these BTN to the general case of <{> and $+2k> where § can be optimized to 
yield better optical properties such as contrast and on-fitate brightness. 

In this latter BTN, § can be optimized to produce excellent optical 
properties. However, the major problem of this BTN is that the $ and <Jh-2tt twist 




states are metastable with short lifetimes. Indeed, the intermediate <j>+7t twist state is 
more stable and both the <}> and <t>+27t states will decay to it in a matter of seconds. 

There are several variations of the basic BTN. Hoke et al (CD. Hoke and 
P.J„ Bos, Soc. Info. Disp. Syrnp* Digest, 29 t 854 (1998)) use a polymer wall trying 
5 to stabilize this BTN. The results are not satisfactory as the two twist states are still 
short-lived. Bryan-Brown et al (GB9S21106.6) demonstrated a grating aligned 
bistable nematic display that can be switched by sub-millisecond pulses and has 
infinite time memory. The display has been produced and disclosed. Its practicality 
is in doubt because of the need of a special surface structure in the construction of 

10 the display. Switching from one state to the other is also not easy. 

Dozov et al (I.Dozov, M Nobili and G.Durand, Appl Phys. Lett. 70, I J 79 
(1997)) investigated a surface-controlled bistable nematic display using simple 
planar monostable anchoring. A high pretilt angle and a small cell gap are necessary 
to produce the Instability and switching between the 0 and n twist states. This 

15 display is permanently stable in that the 0 and n states do not decay to any 
intermediate states. It is similsr to the $ and $+2n PTN. 

SUMMARY OF THE INVENTION 
According to the present invention there are disclosed designs of 
20 permanently bistable twisted nematic liquid crystal displays with optimized optical 
properties. The stable twist states differ by an angle of tc, or 180°. They are denoted 
<J> and $+n. The alignment of the $ and twists are give* by the rubbing 
condition that favors the $ twist The d/p ratio is adjusted to favor the twist 
This enables both the $ and +-Ht twist states to be stable. The d/p ratio favored 




twist state is not stable under the given rubbing conditions* Hence the 
lifetimes of the $ and §+n states are infinite. 

The switching between the <$? and twist states are effected through many 
techniques, such as having a small cell gap, or having a three electrode structure. 
S One possible example of switching uses a triode structure. However, it is not 
essential to the present invention and other schemes are possible. 

The new BTN can either be transmittive requiring two polarizers, or 
reflective requiring just one polarizer. In general, the optical properties depend on a 
and y, which are the input and output polarizer angles, with respect to the input 
10 director of the liquid crystal cell, and the twist angles §\ and §2 of the two bistable 
twist states. The optical properties also depend on d, the liquid crystal cell thickness 
and An ie the birefringence of the liquid crystal material used* With all these values 
defined, the optical properties and construction of the liquid crystal display is 
uniquely defined. A perfect optimization procedure is given to give the exact values 
15 of the construction of the BTN to give the best optical properties. 

It is also possible to construct the BTN in the reflective mode with just one 
top polarizer. In this case, there is no output polarizer and the display is easier to 
construct and more economical to make. We also will give the construction 
parameters for such reflective BTN to obtain the best optical properties. An 
20 important aspect of the invention is that the bistable twist states differ by an angle 
of 1 80°. rather than 360° as in the previous cases. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Some embodiments of the invention will now be described by way of 
25 example and with reference to the accompanying drawings, in which:- 



Fig. I shows the structure of a transmittive BTN according to an 

embodiment of the invention, 

Fig.2 shows the shape of the comb electrodes, 

Fig. 3 shows the matrix alignment of top and bottom electrodes. 

Fig.4 shows another arrangement for the matrix alignment of top and bottom 

electrodes, 

Fig. 5 shows transmission spectra of the on and off states of the first 
transmittive BTN in Table I, 

Fig.6 shows transmission spectra of the on and off states of the second 
transmittive BTN in Table I, 

Fig.7 shows the structure of a reflective BTN according to an embodiment 
of the invention, 

Fig.8 shows another structure of the reflective BTN, 

Fig.Q shows reflection spectra of the on and off states of the first reflective 
BTN in Table II. 

Fig JO shows reflection spectra of the on and off states of the second 
reflective BTN in Table II, 

Fig. 11 shows reflection spectra of the on and off states of the first reflective 
BTN in Table m. and 

Fig. 12 shows reflection spectra of the on and off states of the fourth 
reflective BTN in Table III. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
A first preferred embodiment of the present invention is shown in Fig.L 
This embodiment is in transmittive mode. The BTN LCD consists of two pieces of 



glass 1 and 6 forming a liquid crystal cell. On the top glass l f a transparent 
conductive coating of indium tin oxide (ITO) 2 is deposited, followed by the 
polyimide alignment layer. The ITO layer 2 is patterned into strips for the purpose 
of dot matrix a ddr ess ing, 
5 On the bottom glass tf, then: is a layer of continuous ITO 5, followed by a 

layer of insulator 4. The ITO layer 5 acts as a ground plane. On top of the insulator 
4, a comb shaped set of electrodes 3 is deposited. Possible shapes of the comb 
shaped electrodes are as shown in Fig. 2, 3 and 4. The comb electrodes are in the 
form of strips as well for the purpose of passive matrix addressing. The alignment 

10 of the comb electrodes 3 and the top ITO electrode S is shown in Fig. 2. The 
particular shapes of the electrodes are needed for switching of the BTN. 

On the ITO electrodes 2 and 3, alignment layers of polyimide usually 
provided to align the liquid crystal molecules are not shown, but such alignment 
layers will be understood to be present as they are commonly used. 

15 The ITO electrode 2 on the rop glass and the comb shaped ITO electrode 3 

on the bottom glass can be patterned to form a matrix structure as shown in Figs. 3 
and 4. The top ITO electrode can be patterned into horizontal stripes 8. The comb 
electrode 3 can be patterned into vertical lines 7, Each cross region is one pixel. 
Within one pixel, the structure of the bottom electrode consists of lines of the shape 

20 shown in Fig. % 

For a linearly polarized input, there are 2 conditions for the twist angle § and 
retardation 5 of the LC cell where the output will also be linearly polarized. The 
retardation 5 is defined as ndAn/X, They are called the LP1 and LP2 modes. For the 
LP1 mode, the output polarization direction is given by $ + a, where a is the input 



4. 



y i 



polarization angle. For the LP2 mode, the output polarization angle is given by 
$ - a. 



LPl: dbn = X 

5 where N= 1,2, 3... 



LP2: -*-tan,r = tan 2ar 

X 



where X - 

Therefore, in order for the BTN to be optimized in terms of maximum 
10 transmission for one twist state and minimum transmission for the other twist state, 
the following is required: 

(1) The 2 twiat states are $ and 

(2) The retardation of both states is the same. 

(3) The input polarizer is oriented at a to the input director. 
IS (4) The 4> twist state correspond to the LPl mode. 

(5) The twist state corresponds to the LP2 mode. 

(6) The output polarization of the LPl mode is perpendicular to the output 
polarization, of the LP2 mode. 

By considering these rules, solutions for transmissive modes may be 
20 obtained. The first five solutions are listed in Table L The choice of y in Table 1 
makes <j> ( state is dark state. The dark and bright states can be interchanged when a 
or y is changed by 90°. 




Table L The optical optimized ^-configuration parameters. 



Mode 


4>iH 


<h(°) 


dAn (iim) 


a( B ) 




#1 


-22.5 


157.5 


0.266 


45 


-67.5 


#2 


22.5 


202.5 


0.546 


45 


67.5 


#3 


57.5 


247.5 


0.799 


45 


22.5 


#4 


112.5 


292.5 


1.045 


45 


-22.5 


#5 


157.5 


337.5 


1.288 


45 


-67.5 



]Z In this first preferred embodiment, the twist state of the BTN can be in any 

Lr? _ ...^ 5 0 f choices listed in Table I. The rubbing condition on the liquiU cryslai cell 

should favor the <j>i twist. Figs, S and 6 show the transraittance spectra of the bright 
and dark states of this BTN. It can be seen that the No. I and the No* 2 displays can 
present excellent contrast and brightness. It can also be seen that they are quite non- 
dispersive over the visible range. As a matter of fact, the No. 1 mode (solid line) has 
10 a similar dispersion as ordinary waveguiding Mauguin modes. It is a true black and 
white display. 

The second preferred embodiment of the present invention is shown in Fig. 
7. This is a single polarizer reflective display arrangement. A reflector 9 is place on 
the bottom glass substrate 6. The ITO layer 5 may or may not be necessary. The 



comb electrode 3 is placed on top of an insulating layer 4 which is deposited on top 
of this reflector 9 as shown in Fig. 7. The reflector 9 can be insulating in the present 
embodiment. 

Figure 8 shows another preferred embodiment of the single polarizer 
5 reflective BTN. In this case, the reflective layer 9 is conducting and thus can act as 
the ground plane instead of the ITO layer 5. The construction of this BTN is 
considerably simpler. 

In order to optimize the brightness and contrast of the reflective BTN 
modes, it is necessary that one bistable state should have unity reflectance and the 
10 other bistable state should have zero reflectance. In order to obtain the best 
conditions for the single polarizer reflective BTN, we need to introduce another 
polarization conversion mode. It is the condition for the LC cell such that a linearly 
polarized input produces a perfect circularly polarized output. It is called the CP 
mode. It is given by the following condition: 



15 



5 . I 
CP: — sxu* = 

X V2 



tan la = ^ cot V* 2 +^ 2 



20 Since there is now only a single front polarizer, one of the states should have 

the reflected polarization parallel to the input polarization direction, while the other 
state should have an output polarization perpendicular to it. This requires one of the 
states to be a LP mode and foe other state to be a CP mode* It is easy to check that if 
both twist states arc LP modes, the above conditions cannot be met. 



In the following, it is assumed that the LP states are to be (he bright states 
while the CP states are to be the dark states. (The dark and bright states can also be 
interchanged if a polarizing beam splitter is used instead of a front polarizer.) The 
rules for the optimal optical properties for the reflective case is similar to the 
transmittlve case discussed above, and the output polarization of the two twist states 
are required to be perpendicular to each other. 

Depending on whether the LP1 or LP2 mode is used in the optimization, 
two groups of solutions with good performance can be obtained. The first four 
solutions are listed in Table 2 and Table 3 respectively. <Jm state is bright state. 

Table II The first four reflective COP-BTN solutions with LP1-CP. 



No. 


And (jim) 






O 


1 


0.138 


-174.1 


5.9 


-41.2 


2 


0.371 


-132.7 


47.3 


33.4 


3 


0.550 


-5.7 


174.3 


-13.5 


4 


0.622 


-297.0 


-117.0 


27.4 



Table HI The first four reflective COP-BTN solutions with LP2-CP. 



No. 


And (tun) 


4>iO 




O 


1 


0.268 


-107.7 


72.3 


17.2 


2 


0.383 


-220.4 


-40.4 


-35 


3 


0.584 


11.3 


191.1 


0.4 


4 


0.681 


-143.0 


37.0 


-40.2 




Figures 9 and 10 show the dispersion properties of the first 2 modes in Table 
II. Figure 11 and 12 show the first mode and the fourth mode in Table HI. All of 
these are excellent optical modes for this reflective BTN. 



